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$\Omega\subset R^{N}(N\in N)$ $\partial\Omega$ $T$ $\beta=$
$(\beta_{1}, \ldots, \beta_{M}),$ $f=(fi, \ldots, f_{M}):R^{M}arrow R^{M}$
$z_{0}=(z_{01}, \ldots, z_{0M}):\Omegaarrow R^{M}$
$\{\begin{array}{ll}\frac{\partial z}{\partial t}=\triangle\beta(z)+f(z) in Q:=\Omega\cross(0, T) ,\frac{\partial\beta(z)}{\partial\nu}=0 on \partial\Omega\cross(0, T) ,z(\cdot, 0)=z_{0} 1n \Omega\end{array}$ (1)


























$\min(\beta(z), 0)/d_{1}$ $\max(\beta(z), 0)/d_{2}$















2 Barenblatt $m=2.$ 3 Barenblatt $m=6.$
2.2
(1) $\beta_{i}$ $z_{i}$ $Zj(j\neq i)$
[14] 2
$\{\begin{array}{l}\frac{\partial z_{1}}{\partial t}=\triangle[(a_{1}+b_{1}z_{1}+c_{1}z_{2})z_{1}]+(g_{10}-g_{11}z_{1}-g_{12}z_{2})z_{1},\frac{\partial z_{2}}{\partial t}=\triangle[(a_{2}+b_{2}z_{2}+c_{2}z_{1})z_{2}]+(g_{20}-g_{21}z_{1}-g_{22}z_{2})z_{2}.\end{array}$ (2)
$a_{i},$ $b_{i},$ $c_{i},$ $g_{ij}(i=1,2,j=0,1,2)$ $i$







$\{\begin{array}{l}\frac{\partial z_{1}}{\partial t}=\Delta[(1+b_{1}z_{2})z_{1}]+(g_{10}-g_{11}z_{1}-g_{12}z_{2})z_{1},\frac{\partial z_{2}}{\partial t}=\triangle[a_{2}+(\frac{1}{1+c_{2}z_{1}})z_{2}]+(g_{20}+g_{21}z_{1}-g_{22}z_{2})z_{2}.\end{array}$
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4 - - (2) $\Omega=(0,1)^{2},$ $a_{1}=a_{2}=$ Cl $=0.04,$ $b_{1}=$
$b_{2}=0,$ $c_{2}=2,$ $g_{10}=2.8,$ $g_{20}=3,$ $g_{11}=g_{22}=1.1,$ $g_{12}=g_{21}=1$ . $z_{1}$
$z_{2}$
5 (3) $z_{1}$ $z_{2}$
(2)
$\{\begin{array}{ll}\frac{\partial z_{1}}{\partial t}=\triangle[(\frac{1}{0.2+0.02z_{2}^{2}})z_{1}]+(4-z_{1})z_{1} in Q=(0,1)^{2}x(0,50],\frac{\partial z_{2}}{\partial t}=0.005\triangle z_{2}+(0.5+z_{1}-0.5z_{2})z_{2} in Q.\end{array}$ (3)
5 1 $z_{2}$ $0$
1 $z_{2}$ $(z_{1}, z_{2})\equiv(4,9)$
( ) [5] 3 [13]
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3(1)
$\{\begin{array}{ll}\frac{\partial u}{\partial t}=\frac{1}{\mu}\Delta u-\frac{1}{\epsilon}(u-\beta(\mu u+v))+\frac{1}{\mu}f(\mu u+v) in Q,\frac{\partial v}{\partial t}=\frac{\mu}{\epsilon}(u-\beta(\mu u+v)) in Q,\frac{\partial u}{\partial\nu}=0 on \partial\Omega\cross(0, T) ,u(\cdot, O)=u_{0}^{\epsilon}, v(\cdot, O)=v_{0}^{\epsilon} in \Omega.\end{array}$ (4)
$\mu$
$\epsilon$ $\mu u_{0}^{\epsilon}+v_{0}^{\epsilon}\approx z_{0}$ $(u_{0}^{\epsilon}, v_{0}^{\epsilon})$
(4) $(u^{\epsilon}, v^{\epsilon})$ $\epsilon$ $0$











$(H1)_{D}$ $i=1,2,$ $\ldots,$ $M$ $\beta_{i}$ $i$ (
). $\beta_{i}$ Lipschitz $\beta_{i}(0)=0$
Lipschitz $L_{\beta}$ $C_{1}$ $C_{2}$
$|\beta_{i}(s)|\geq C_{1}|s|-C_{2}$ for all $s\in R.$
$(H2)_{D}f$ Lipschitz
$(H3)_{D}\mu$ $0<\mu<L_{\beta}^{-1}$





$(H3)_{D}$ $L_{\beta}<1/\mu$ $u$ $z$
$v$ $0$
(4) (1) $z$ $u$ $v$
$\mu u+v$ $\beta$ 2
$\mu$
[7,11]
1 $([7]+\alpha)$ $(H1)_{D}-(H4)_{D}$ $z$ (1)
$(u^{\epsilon}, v^{\epsilon})$ (4) $\epsilon$ $C$
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$E^{\epsilon}:= \Vert\beta(z)-u^{\epsilon}\Vert_{L^{2}(Q)^{M}}+\Vert\int_{0}^{t}(\beta(z)-u^{\epsilon})\Vert_{L^{\infty}(0,T;H^{1}(\Omega))^{M}}$
$+\Vert z-(\mu u^{\epsilon}+v^{\epsilon})\Vert_{L}\infty(0,\tau;(H^{1}(\Omega))^{*})^{M}\leq C\epsilon^{1/4}.$




$\beta_{i}’(s)\geq l_{\beta}$ a.e. $s\in R,$
$l_{\beta}$
$\epsilon$ $C$
$\Vert z-(\mu u^{\epsilon}+v^{\epsilon})\Vert_{L^{2}(Q)^{M}}+E^{\epsilon}\leq C\epsilon^{1/2}.$
3.1.2
$(H1)_{C}\beta$ : $R^{M}arrow R^{M}$ $L_{\beta}$ $\beta(0)=0$




$(H4)cz0\in L^{2}(\Omega)^{M}.$ $u_{0}^{\epsilon}\in L^{2}(\Omega)^{M}$ and $v_{0}^{\epsilon}\in H^{1}(\Omega)^{M}$ $\epsilon$
$C$
$\Vert u_{0}^{\epsilon}\Vert_{L^{2}(\Omega)^{M}}+\sqrt{\epsilon}\Vert v_{0}^{\epsilon}\Vert_{H^{1}(\Omega)^{M}}\leq C,$




(Hl) $C$ (H2) $C$
$a_{i}>0,8b_{1}c_{2}>c_{1}^{2},8b_{2}c_{1}>c_{2}^{2}.$
(2)
$a_{i}>0, b_{i}, c_{2}\geq 0, c_{1}=0$
(2)
[12,11]
[11] (Hl)c, $(H3)_{C},$ $(H4)_{C}$ $\mu>0$
$\epsilon>0$ (4) (1)
(4)
2 ([11]) $(H1)_{C}-(H5)_{C}$ (4) $(u^{\epsilon}, v^{\epsilon})$
(1) $z\in(L^{\infty}(0, T;L^{2}(\Omega))\cap L^{2}(0, T;H^{1}(\Omega))\cap$
$H^{1}(0, T;H^{1}(\Omega)^{*}))^{M}$ $\{u^{\epsilon}\},$ $\{v^{\epsilon}\}$ $\{u^{\epsilon_{k}}\},$ $\{v^{\epsilon_{k}}\}$ $\epsilon_{k}$ $0$
$\mu u^{\epsilon_{k}}+v^{\epsilon_{k}}arrow z$ strongly in $L^{2}(Q)^{M},$ $a.e$ . in $Q,$
and weakly in $L^{2}(0, T;H^{1}(\Omega))^{M}$ and $H^{1}(0, T;H^{1}(\Omega)^{*})^{M},$



















$\{\begin{array}{ll}\overline{D}_{\tau}U^{n}=\frac{1}{\mu}\triangle U^{n}-\frac{1}{\epsilon}(U^{n-1}-\beta(\mu U^{n-1}+V^{n-1})) +\frac{1}{\mu}f(\mu U^{n-1}+V^{n-1}) in \Omega,\frac{\partial U^{n}}{\partial\nu}=0 on \partial\Omega,\overline{D}_{\tau}V^{n}=\frac{\mu}{\epsilon}(U^{n-1}-\beta(\mu U^{n-1}+V^{n-1})) in \Omega.\end{array}$ (5)
$\epsilon=\tau$ $Z^{n}=\mu U^{n}+V^{n}$
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$\{\begin{array}{ll}U^{n}-\frac{\tau}{\mu}\triangle U^{n}=\beta(Z^{n-1})+\frac{\tau}{\mu}f(Z^{n-1}) in \Omega,\frac{\partial U^{n}}{\partial\nu}=0 on \partial\Omega,Z^{n}:-=Z^{n-1}+\mu(U^{n}-\beta(Z^{n-1})) in \Omega.\end{array}$ (6)























$\tau$ Magenes, Nochetto, Verdi [6]
3 $(H1)_{D}-(H4)_{D}$ $z$ (1)




$\beta(z_{0})\in L^{\infty}(\Omega)^{M}$ $\Delta\beta(z_{0})$ $\tau$ $C$
$E^{\tau}\leq C\tau^{1/2}.$
$z0\in L^{2}(\Omega)^{M}$











$(H4)_{C}’z_{0}\in L^{2}(\Omega)^{M}.$ $z_{0}^{\tau}\in H^{1}(\Omega)^{M}$ $\tau$ $C$
$\Vert z_{0}^{\tau}\Vert_{L^{2}(\Omega)^{M}}+\sqrt{\tau}\Vert z_{0}^{\tau}\Vert_{H^{1}(\Omega)^{M}}\leq C,$
$\mu z_{0}^{\tau}arrow z_{0}$ weakly in $L^{2}(\Omega)^{M}$
(6)
4 ([11]) (Hl) $c^{-}(H3)c,$ $(H4)_{C}’,$ $(H5)c$ $\{U^{n}, Z^{n}\}_{n=0}^{N_{T}}$
$Z^{0}=z_{0}^{\tau}$ (6) $\{U^{(\tau)}\},$ $\{Z^{(\tau)}\}$
$\{U^{(\tau_{k})}\},$ $\{Z^{(\tau_{k})}\}$ (1) $z$ $\tau_{k}arrow 0$
$Z^{(\tau_{k})}arrow z,$
strongly in $L^{2}(Q)^{M}$ , and weakly in $L^{2}(0, T;H^{1}(\Omega))^{M}.$
$U^{(\tau_{k})}arrow\beta(z)$
5
(6) $M=2$ , 1
$\{\begin{array}{ll}\frac{\partial z_{1}}{\partial t}=\triangle[(10\exp(-z_{2}^{2}/16)+1)z_{1}]+(5-z_{1})z_{1} in (0,2)\cross(0,10) ,\frac{\partial z_{2}}{\partial t}=0.001\Delta[(1+z_{1}+z_{2})z_{2}]+(1+z_{1}-z_{2})z_{2} in (0,2)\cross(0,10) ,\frac{\partial z_{1}}{\partial\nu}=\frac{\partial z_{2}}{\partial\nu}=0 on \{0,2\} \cross(0,10) ,z_{1}(x, 0)=5(1+0.01\cos(2\pi x)) for x\in(O, 2) ,z_{2}(x, 0)=6(1-0.01\sin(2\pi x)) for x\in(O, 2) .\end{array}$
(6) $N_{X}+1$




$M,$ $j=0,$ $\ldots,$ $Nx$




















‘ ’ ‘ ’ (‘ ’
2 ). ‘ ’ 6
$t=n\tau$ $I\mathscr{J}(\Omega)$ $e_{p}^{n}(p=1,2, \infty)$
$e_{p}^{n}=(_{0\leq j\leq N_{X}} \sum_{i--1,2}|Z_{i}^{j,n}-z_{i}(jh, n\tau)|^{p}/_{i--1,2}\sum_{0\leq j\leq N_{X}}|z_{i}(jh, n\tau)|^{p})^{1/p}p=1,2,$








le-005 $o.o\rho 01$ 0.001 0.01 $h$
7Numerical results at $t=1.$
0.0001 0.001 p.01 0. $1$ 0. $01$ $h$ 0.1











$\mu$ 9 $N_{X}=2^{10}$ $\tau$ $\mu$











9 Results for various choices of the 10 Results for Scheme 1 with $\mu=$






$M,$ $j=0,$ $\ldots,$ $N_{X}$
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